Introduction
Improvements in the results of the statistical treatment of excited nuclei are connected with the use of more and more realistic single particle models.
Th~ original work of Bethel) on level densities was based upon the uniform model (set of equally-spaced single-particle levels populated by non interacting fermions). The success of this model, modified in many ways by a number of authors 2 ) is due to its simple analytical results, despite the oversimplified and unrealistic Hamiltonian it is based upon. After the validity of the shell model was established and it became possible to calculate a realistic sequence of single particle levels, such model was seldom used for evaluating the statistical nuclear properties: rather, there has been the tendency to use a mocked-up shell model level sequence, such as a set of equally spaced levels of constant degeneracy3), or a bunched single particle level spectrum 4 ,5) . Again there was a tendency to obtain simple analytical results, which, on one hand would account for some of the most relevant experimental results, and on the other would be convenient for experimentalists to use. At present the availability of high speed computing machine,s allows one to solve the problem of the level density calculations on the basis of an arbitrary sequence of single particle levels 6 ,7) .
Furthermore the superconductivity theory and the B.C.S. Hamiltonian 8 ,9), the success of which is dealing with the pairing effects of ground state nuclei is well recognized lO ), have also been applied in the evaluation of level densities ll ,12).
~,
In this way the prediction of the low energy behavior of level densities has been much improved. In the present paper we generalize the formalism describing the statistical nuclear properties by including the nuclear angular momentum. A preliminary account of the results has already been published 13 ). More specifically,
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we shall evaluate all the statistical nuclear properties on the basis of an arbitrary shell model level sequence, with inclusion of pairing effects and angular momentum by means of the BCS Hamiltonian. The usual procedure in statistical calculations consists in determining the grand partition function of the system and in restricting it in such a way as to conserve energy, number of particles and, in general, ~ny other first integral of motion. However only the first integrals th9.t can be exprescled in terms of sums over single particle states can be handled easily in this fashion. While the total angular momentum doesnbt have such property, its z projection M does. Therefore the following calculations will be restricted to a constant angular momentum z projection M. In sec. 4 it will be shown that, in most cases, such procedure is justified and the formalism is complete. In the first part of the paper the general formalism will be derived, while in the second part actual calculations will be presented for the case of the uniform model in order to illustrate the predictions of the present formalism.
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THE HAMILTONIAN
The Hamiltonian of a Fermi gas with an attractive interaction can be written as follows in the second quantization form: (1) where Ek are the unperturbed single particle energy levels, G is the strength t of the pairing interaction and ~, a k are the single-particle creation and annihilation operators.
It is convenient to consider a new Hamiltonian of the following form:
where N is the" number of particles, M is the projection of the total angular momentum on a laboratory-fixed z axis or on a body-fixed z'axis, and A and yare two Lagrange multipliers to be determined later on.
The quantities Nand M can be expressed in operator form:
where ~ are the single particle spin projections.
The Hamiltonian, modified as in (2) can be rewritten as: 
The inverse transformation is:
The new operators (quasi-particle operators) do obey the. commutation relation: (8) which implies:
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By substituting eq. (7) in eq. (4) and retaining only the diagonal terms we obtain:
-G[ L (10) kk. '
± t
where n k = b±k b±k are the quasi particle occupation numbers.
. +
By minimization of eq. (10) with respect to ~. keeping n k and n k constant one obtains: (11) where (12) The quantity !J. is called the "gap parameter" and it is a measure of the pairing correlation.
From eq. (11) and eq. (9) we have: 
By means cjf eq. (13) and eq. (14) we can rewrite the Hamiltonian (10) in the following form:
which, after some algebra takes the final form: (15) where
THE GRAND PARTITION FUNCTION
In order to obtain the"thermodynamical description of the" system we calculate now the grand partition function, defined as:
This is indeed the grand partition function and not the partition function, because of the modifications introduced in the Hamiltonian in eq. (2).
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By means of the Hamiltonian as expressed in eq. (15) the logarithm of the grand partition function is immediately obtained:
where S = ~ is the inverse of the statistical temperature T. The quantities ~, A, y, S are related to each other through the gap equation, which now takes the form: Both "S and D must be evaluated at the saddle point. It can be noticed that eqs. (21 ),whichgi ve ,the saddle-point conditions also define the first integrals of the system. They can be calculated explicitly: some simplifications we can obtain the expression for the entropy:
In order to complete the formalism, we need the second derivatives of S"2 which enter in the denominator of the level density expression:
( 32)
In all of theSe expressions we have used the quantities: We proceed now to the calculation of such derivatives.
The gap equation (18) Formally we can write:
The total differential is:
The above relation is satisfied if and only if the quantities in parentheses are simultaneouply equal to zero .. Thus we obtain:
Explicitly we have:
,aa. = -
Such derivatives sho~ld be' set equal to zero whenever II = O. In this way we have, a general formalism which allows one to determine the statistical properties of a paired nucleus as a function of its excitation energy E and its angular momentum _projection M.
GENERALIZATION TO THE CASE OF TWO KINDS OF PARTICLES
, '
So far we have treated the system as being composed of a single kind of particles: actually a nucleus is -, composed of neutrons and protons. The whole theory is irrimediately generalized: it is sufficient to introduce anew Lagrange multiplier for the new kind of particles. The thermodynamical quantities can be -.
PQtf3:in~q l:l;y rec~,JJ.ing that the logarithm of tIle grand partition, function, the energy and the entropy are additive quantities :
Furthermore it 'should be noticed that the level density expression must be written as:
The quantity D is now a determinant of the second derivatives of n with respect to the four Lagrange multipliers: it is therefore a 4 x 4 determinant instead of the 3 x 3 determinant of eq. (22).
By putting y = 0 everywhere, the formalism reduces to the case of M = 0:
such case has been treated already by Sano and Yamasakill) and Decowski et al.
).
It is worthwhile to point out that in the case of Sano and Yamasaki the saddle point was searched only with respect to S, which implies a difference in the denominator of the level density expression; in the case of Decowski et al.
there is a discrepancy in the derivatives of /::, with respect to S and a.
Finally we observe that the present .formalism can be used to calculate the level densities starting from any set of neutron and proton single particle levels obtained from shell model calculations. Although such computations turn out to be rather complex, they can be handled adequately by means of the high speed computers available at present. However, in order to gain a better insight in the theory, let us consider its application to the uniform model which allows one to simplify the calculations and, to a certain extent, t~ obtain rather simple an-alytical expressions for the relevant thermodynamical quantities. From here on we assume that the pairing correlation extends over an energy interval ±w above and below the Fermi surface. Therefore all the summations over the single particle levels can be transformed into integrals within the limits±w.
For T = 0 and M = 0 the gap equat'ion (18) yields the zero-temperature zero-angular momentum gap parameter:
The approximation holds when gG «1. In order to obtain the dependence of 11
upon M for T = 0 let us first integrate eq. (24):
For S -+ 00. the integrand in the second integral is zero in the whole range of integration, while in the first integral the integrand is equal to unity up to E = ymor E = [(ym)2 -b. 2 ]1/2 and is equal to zero for larger values of E. We obtain then:
Also for S -+ 00 the gap equation (18) for M = 0 and M = M can be written as:
After integration we obtain:
After some manipulations we can write:
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We finally end-up with the very simple expression:
the following expressions are immediately derived:
The dependence of /J. upon M, expressed by eq. (51) is shown in fig. 1 . It is seen that tp@ ~N? p~rf:H!lf!::te,r, and thu~ the p.airin~ corre.J,atiQIf ~ 4~cr~~ses w~ th M, untq.,
at a critical value M , given by eq. (52) the pairi'ng correlation vanishes. In order to generate angular momentum, we must break some of the pairs: the excitations which arise in this way (quasi particles) occupy single particle levels which become unavailable (blocked) to the scattered pairs. Thus the pairing correlation decreases and, when the angular momentum is sufficiently large, the crowding of quasi-particles around the Fermi levels makes the pairing correlation energetically unfavored ( fig. 2 ). generate quasi particles blocking single-particle levels close to the Fermi surface. In fig. 4 the dependence of t, upon the excitation energy is presented.
Since we have seen that both energy and angular momentum tend to decrease the pairing correlation , it is interesting to see their combined e·ffect. 
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increases, goes through a maximum, decreases again and vanishes at the upper critical temperature. It can be noticed that 6 goes through a maximum with increasing temperature for any non-zero value of M. Since this initial increase in 6 with increasing temperature can also be called "thermally assisted pairing correlation", it follows that such effect can hardly be called anomalous:
actually the effect for M = 0 could be called anomalous because only in such a case 6 decreases monotonously with increasing temperature.
PASSAGE FROM THE TEMPERATURE SCALE TO THE ENERGY SCALE
Although the concept of temperature in a nucleus may be useful, it is more common to speak of nuclei in terms of energy: indeed, for the great majority of purposes, excited nuclei are considered with a fixed excitation energy rather than with fixed temperature. ". ' .. 
THE LEVEL DENSITY DENO~rrNATOR
As it was already observed the case of the pairing correlation for
11 ), the denominator of the level density goes through a discontinuity whenever the critical temperature is crossed: in particular, for M >M two c discontinuities should exist in correspondence with the two values of the critical temperatures (corresponding to exceedingly small excitation energies) the saddle point approximation is not to be trusted.
STATISTICAL QUANTITIES OUTSIDE THE PAIRED REGION
As far as the general case is concerned, the formalism described here holds also beyond the paired region, provided" that !J. and its derivatives with respect to the Lagrange multipliers are set equal to zero.
In the case of the uniform model, the expressions for the statistical quantities can be easily integrated, so that analytical expressions can be obtained.
They are given as follows: 
, ' ;>
. ,.
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Completeness of the Formalism with Respect to Angular Momentum
It has been anticipated in the introduction that in the present formalism only those first integrals can be easily handled which can be expressed in terms
of a sum over single particle levels. The energy, the particle number, and the projection of the total angular momentum, do satisfy such a requirement. However, So, the spin cutoff parameter has been used only for the approximate evaluation of the derivative.
In the case of a non-spherical nucl~us and specifically in the case of an axially symmetric nucleus, the spin projections Q k and the angular momentum to . . . , . . . .'
~.
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